Shanxi aged vinegar (SAV), a kind of typical fermented food, is one of the famous traditional vinegars in China. In this study, the antioxidant properties and hepatoprotective mechanisms of SAV on hydrogen peroxide (H 2 O 2 )-induced oxidative stress were investigated. Total phenolic, flavonoid contents and browning index were increased during the aging process. Gallic acid was the main component of the phenolic compounds in SAV-5. SAV-5 showed the highest antioxidant activities among all the samples.
Introduction
Traditional vinegars are typical fermented foods, which have been produced by the process of spontaneous fermentation for centuries.
1 Both grain vinegars and fruit vinegars are fermented products, and contain large amounts of active compounds. Shanxi aged vinegar (SAV), a well-known traditional Chinese vinegar, is brewed by traditional solid-state fermentation technology. 3 During the process, it can produce rich nutrients and functional factors, which provide health and therapeutic effects. 4 Among these bioactive components, such as phenols, avonoids and melanoidins, are the main antioxidant ingredients of SAV. 5 It has been reported that these antioxidants play a crucial role in the prevention of many diseases such as cardiovascular disease, hepatic damage, neurodegenerative diseases, cancer and ageing, because of their capacity for capturing, deactivating or repairing the damage caused by the free radicals that is implicated in such diseases. 6 Recently, the antioxidant activities and health properties of vinegar have become the focus of extensive research. Liver is a vital organ and plays a major role in metabolism, excretion and detoxication in the human body. Liver functions would be impaired by different factors such as infection, drugs, excessive intake of ethanol, causing accumulation of free radicals. 7 Oxidative stress and liver injury are strongly associated. Oxidative stress is believed to play an important role in the pathogenesis of liver injury. 8 Prevention or impairment of oxidative stress constitutes a therapeutic target to be achieved for hepatoprotection. Oxidative stress is a state of imbalance between the production of reactive oxygen species (ROS) and the cellular antioxidant defense neutralizing the reactive intermediates and triggering damage. 9 Overproduction of ROS results in oxidative stress, a deleterious process that can be an important mediator of damage to cell structures, including lipids and membranes, proteins and DNA. 10 The detoxication of ROS is accomplished via several enzymatic and non-enzymatic antioxidant mechanisms.
11
Nuclear factor erythroid-2-related factor 2 (Nrf2) is a crucial transcription factor mediating protection against oxidants.
(Keap 1). Upon stimulation by stimuli or antioxidants, Nrf2 releases from the Keap 1/Nrf2 complex and translocates to the nucleus. Then, Nrf2 binds to antioxidant-response elements (AREs) to activate the expression of downstream genes, such as heme oxygenase-1 (HO-1), NAD(P)H quinone oxidoreductase 1 (NQO1), and g-glutamylcysteine synthetase (GCS). These genes constitute a defense system to eliminate ROS, and play an important role in protecting cells against oxidative stress.
13,14
SAV is rich in antioxidant compounds that are supplied from raw materials and microbial fermentation. 15 Recent studies have demonstrated that antioxidant activities of traditional balsamic vinegar (TBV) were due to their phenolic, avonoid contents and melanoidins. 16, 17 These antioxidant ingredients interact with each other and together contribute to the total antioxidant capacity of vinegar. However, antioxidant components of SAV with different aging time, have been rarely explored. Meanwhile, both grain vinegars and fruit vinegars can improve antioxidant abilities and reduce oxidative damage.
18,19
It has been reported that vinegar could protect liver cells against oxidative damage in vivo. Antioxidant activities of vinegar may play an important role in prevention of liver damage.
20,21
In the present study, antioxidant components and antioxidant capacity of SAV with different aging time were investigated. Then, the effects of SAV on cell viability, intracellular ROS level, mitochondrial membrane potential, and antioxidant defense systems were measured in H 2 O 2 -treated LO2 cells. Furthermore, the expression of Nrf2 and downstream genes were detected by western blotting to explore the antioxidant pathway of SAV. These ndings would clarify the antioxidant properties and hepatoprotective mechanisms of SAV, and provide a kind of functional food against oxidative damage in human liver cells.
Experimental

Chemicals and reagents
Folin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), gallic acid and rutin were obtained from Sinopharm Chemical Reagent Co.,Ltd (Shanghai, China). Total antioxidant capacity assay kit with 2,2 0 -azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) and ferric reducing antioxidant power (FRAP) were purchased from Beyotime Institute of Biotechnology (Shanghai, China). Hydrogen peroxide (H 2 O 2 , 35 wt%) was purchased from Alfa Aesar (Johnson Matthey Co. Lancastor, UK). Superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), malonaldehyde (MDA) and protein assay kits were obtained from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). The primary antibodies against rabbit Nrf2, NQO1, HO-1 and the secondary horseradish peroxidase (HRP)-labeled goat-antirabbit antibodies, were purchased from Abcam (Cambridge, UK). Antibody against rabbit b-actin was purchased from Bioworld Technology (Nanjing, China).
Samples and cell culture
Vinegar samples, including SAV and Shanxi vinegar (SV), were purchased from local supermarkets. Human normal liver cell line LO2 was purchased from Cell Bank of Chinese Academic of Science (Shanghai, China). Cells were cultured at 37 C and 5% CO 2 in RPMI-1640 medium (Hyclone, Logan, Utah, USA), supplemented with 10% fetal bovine serum (FBS, Gibco, Grand Island, NY, USA), penicillin/streptomycin (1 : 100, Hyclone). Cells were treated with SAV at different concentration (0-10 mL mL À1 ). 20 mM HEPES buffer was used to buffer the medium.
Culture medium was changed every 2 days.
Extraction and determination of high molecular weight melanoidins
High molecular weight (>10 kDa) melanoidins were extracted from vinegar samples. Different vinegar samples of 1 mL were diluted to 10 mL with distilled water and then ltered (Whatman lter papers 40, Whatman, Maidstone, UK). One aliquot (4 mL) of each ltered sample was subjected to ultraltration with Amicon Ultra-4, regenerated cellulose 10 kDa (Millipore, MA, USA) at 7500 g for 20 min at 4 C. The retentate, containing high molecular weight melanoidins and the ltrate containing low molecular weight compounds, such as phenols and avonoids, were separated. The amount of high molecular weight melanoidins was determined as browning index by measuring the color as absorbance at 420 nm in a 1 cm glass cuvette. The samples were diluted in distilled water to give appropriate absorbance values.
The ltrate was used to analyze for the total phenolic and avonoid contents.
Determination of total phenolic and avonoid contents
Total phenolic content of the ltrate was determined by the Folin-Ciocalteu method. The value for total phenolic content was expressed in terms of the gallic acid equivalent (mg mL À1 ). An appropriately diluted sample (0.2 mL) was added sequentially with Folin-Ciocalteu reagent (0.8 mL), 1.5 mL of 10% sodium carbonate. The mixture was diluted to 10.0 mL with distilled water and incubated at room temperature in the dark for 2 h. Absorbance was measured at 765 nm using spectrophotometry. Phenolic concentration was based on a standard curve of gallic acid. The total phenolic content was expressed as gallic acid equivalent (mg GAE per mL). Total avonoid content the ltrate was measured through a colorimetric assay. The value for total avonoid content was expressed in terms of the rutin equivalent (mg mL À1 ). An appropriately diluted sample (2.0 mL) was added to a ask and then NaNO 2 (1.0 mL, 50 g L À1 ) was added immediately.
Aer standing for 6 min, Al(NO 3 ) 3 (1.0 mL, 50 g L À1 ) was added and the mixture was le to stand for another 6 min before 5 M NaOH (4.0 mL) was added. The solution was diluted to 25.0 mL with distilled water and kept at room temperature in the dark for 15 min. Absorbance was measured at 510 nm using spectrophotometry. Flavonoid concentration was estimated using a standard curve of rutin. The total avonoid content was expressed as rutin equivalent (mg RE per mL).
Analysis of phenolic compounds by high-performance liquid chromatography (HPLC)
A high-performance liquid chromatography (HPLC) was used for identication and quantication of phenolic compounds in vinegar samples. SAV-5 sample (5.0 mL) was mixed with 15 mL ethyl acetate and then centrifuged at 5000 rpm for 10 min. The extraction was concentrated using rotary evaporation instrument (35-40 C) and dissolved with 2 mL methanol. The solution was ltered using a 0.45 mm Millipore membrane and injected into HPLC system (Agilent Technologies Inc., California, USA). Chromatographic separation was performed using a reverse phase column (Luna C18 (2) Determination of total antioxidant capacity in vitro DPPH assay. The free-radical-scavenging activities of vinegar samples were measured by the DPPH assay. Briey, 20 mL of an appropriately diluted sample was added to 180 mL of DPPH working solution and incubated at room temperature in the dark for 30 min. The absorbances were measured at 517 nm in an automated enzyme-linked immunosorbent assay (ELISA) reader (Tecan, Salzburg, Austria). Trolox was used as a reference compound.
ABTS assay. This assay was based on the ability of different substances to scavenge the ABTS radical cation (ABTS + ). ABTS + was produced by ABTS stock solution and oxidant solution. The working solution was prepared by mixing the two stock solutions and allowing them to react completely in the dark at room temperature for 12 h before use. 10 mL of an appropriately diluted sample was added to 170 mL of ABTS working solution and incubated at room temperature in the dark for 6 min. The absorbances were measured at 414 nm in an ELISA Plate Reader. Trolox was used as a reference compound. FRAP assay. The reducing ability of vinegar samples was measured by FRAP assay. A working solution was freshly prepared by mixing 300 mM acetate buffer, 10 mM TPTZ, and 20 mM FeCl 3 at a ratio of 10 : 1 : 1. The solution was kept at 37 C in the dark. 5 mL of an appropriately diluted sample was added to 180 mL of FRAP working solution and incubated at room temperature for 5 min. The absorbances were measured at 593 nm in an ELISA Plate Reader. Trolox was used as a reference compound.
Cell viability assay
Cell viability was determined by Cell Counting Kit-8 (CCK-8, Dojin Laboratories, Kumamoto, Japan) colorimetric method. Cells (5 Â 10 4 per mL) were cultured in a 96-well (100 mL per well) microplate at 37 C in humidied 5% CO 2 for 24 h, and treated with ligands for required time. Aer treatment, cells were added with 10 mL CCK-8 solution, and incubated for 3 h at 37 C. Absorbance in each well was quantied at 450 nm using an ELISA reader.
Measurement of intracellular ROS generation
The formation of intracellular ROS was measured using a uo-rescent probe, 2 0 ,7 0 -dichlorouorescein-diacetate (DCFH-DA, Sigma-Aldrich, St. Louis, MO, USA). LO2 cells were cultured in 6-well plates for 24 h, and treated with ligands for required time.
Aer treatment, cells were added with 10 mM DCFH-DA and incubated for 30 min in the dark. Nonuorescent DCFH-DA dye was freely penetrated into cell membrane and enzymatically hydrolyzed by intracellular esterase to 2 0 ,7 0 -dichlorodihydrouorescein (DCFH). Then DCFH was rapidly oxidized to form highly uorescent 2 0 ,7 0 -dichlorouorescin (DCF) in the presence of ROS. The DCF uorescence intensity is believed to be parallel to the amount of ROS formed intracellularly. Cells were collected and resuspensed with phosphate buffer saline (PBS).
The uorescence intensity was determined by ow cytometry within 1 h.
Determination of mitochondrial membrane potential
Fluorescent probe JC-1 (Sigma-Aldrich, St. Louis, MO, USA) was used to estimate mitochondrial membrane potential. Cells were cultured in 6-well plates and treated with different ligands. Cells were washed twice with PBS and stained with JC-1 in the dark for 30 min at 37 C in humidied 5% CO 2 in complete medium.
Aer incubation, cells were washed twice with PBS and immediately observed under a uorescence microscopy within 1 h.
Determination of antioxidant enzymes and GSH and lipid peroxidation
Antioxidant enzymes (CAT and SOD) and non-enzymatic antioxidant (GSH) in liver cells were measured using commercial kits according to the enclosed guidelines. The absorbance of each well was measured by an ELISA reader or spectrophotometry. SOD and CAT levels were expressed as U per mgprot, and GSH level was expressed as mmol per gprot. MDA, a break down product of the oxidative degradation of cell membrane lipids, has been generally considered as an indicator of lipid peroxidation. Lipid peroxidation in liver cells was determined by a MDA assay reagent kit according to the manufacturer's instruction. Lipid peroxidation level was assayed by the measurement of thiobarbituric acid-reactive substance (TBARS) level and was expressed as MDA level. The spectrophotometric absorbance was assessed at 532 nm using spectrophotometry. The MDA level was expressed as nmol per mgprot.
Western blot analysis
Aer treatment, cells were collected and lysed for 30 min in RIPA buffer. The concentration of protein was measured by BCA reagent. For each sample, 20 mg of total protein extracts were diluted in SDS-sample buffer, denatured at 98 C for 5 min and separated with a 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel. Aer electrophoresis, the proteins were transferred to a polyvinylidene uoride (PVDF) membrane (Millipore, MA, USA). The membrane was blocked with 5% milk for 1 h in TBST (20 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.1% Tween-20), and incubated overnight with primary antibodies. Aer washing with TBST, the membranes were incubated with horseradish peroxidase-conjugated secondary antibodies for 1 h at room temperature and washed. The immunoreactive bands were detected using an enhanced chemiluminescence (ECL, Thermo Scientic, Vantaa, Finland). Each membrane was stripped and re-probed with anti-actin antibody to ensure equal protein loading.
Statistical analyses
Results were presented as mean AE standard deviation (S.D.). Analysis of variance was performed by one-way ANOVA procedures, using Prism 5.03 (GraphPad Soware Inc., San Diego, CA, USA). Signicant differences were calculated according to the Bonferroni post hoc test. A P-value < 0.05 was considered statistically signicant.
Results and discussion
Total phenolic, avonoid contents and browning index Phenols, avonoids and melanoidins were considered the main bioactive compounds and had antioxidant properties in food.
22-24
It has been reported that these antioxidant compounds were indicated to a powerful scavenging ability of free radicals and had a signicant contribution to free radicalinduced disease. [25] [26] [27] As shown in Table 1 , total phenolic content was determined by Folin-Ciocalteu reagent. The concentration of phenolics ranged between 0.665 AE 0.020 mg GAE per mL and 3.265 AE 0.278 mg GAE per mL. A signicant difference was found in total phenolic content between the two samples (P < 0.05). The phenolic content of SAV-5 was the highest among all the vinegar samples. Total avonoid content was determined using spectrophotometric method with aluminum chloride. The concentration of avonoids in different samples was in the range of 0.446 AE 0.070 mg RE per mL to 3.008 AE 0.063 mg RE per mL. The avonoid content of SAV-5 was signicantly higher than that of other samples (P < 0.05). The results suggest that total phenolic and avonoid contents are increased in a time-dependent manner. In addition, the browning index (A420 nm) of high molecular weight melanoidins ranged between 0.528 AE 0.010 and 1.245 AE 0.059. There was no signicant difference in the browning index between SAV-5 (1.236 AE 0.029) and SAV-4 (1.245 AE 0.059). The browning index of SAV-4 and SAV-5 signicantly was higher than that of other samples (P < 0.05). This increment in the browning index indicates that the Maillard reaction continues during aging process of 5 years, being favored by the synthesis of new polymeric compounds.
Major phenolic compounds of SAV-5
Major phenolic compounds of SAV-5 were analyzed by HPLC. As shown in Table 2 , these compounds were identied as gallic acid, catechins, chlorogenic acid, caffeic acid, syringic acid, pcoumaric acid, ferulic acid and rutin. 
Total antioxidant capacity in vitro
DPPH and ABTS are both stable free radicals, which are used for the antioxidant activities test.
29 FRAP measures the reducing capability based upon the ferric ion, which is used for another index for evaluating the antioxidant activities. 30 In vitro studies have shown that the antioxidant activity of TBV measured by DPPH and ABTS were 13.59 AE 6.6 mM TEs per mL and 33.52 AE 19.3 mM TEs per mL, respectively. 31 In this study, total antioxidant activities of vinegar samples were evaluated by DPPH, ABTS and FRAP assays. Scavenging activity of trolox was used as the standard.
32 DPPH, ABTS and FRAP units of vinegar samples were calculated as trolox equivalent antioxidant capacity (TEAC). As shown in Table 3 , the TEAC values of vinegar samples in DPPH assay were gradually increased with the aging time. The radical scavenging ability of vinegar in ABTS and FRAP assays showed the antioxidant capacity similar to that in DPPH assay. Meanwhile, the results showed that the TEAC values of SAV-5 in DPPH, ABTS and FRAP assays were 24.29 AE 1.81 TEAC, 13.54 AE 0.22 TEAC, 18.65 AE 0.11 TEAC, respectively, which were signicantly higher than those of other samples (P < 0.05). The results imply that SAV-5 can efficiently scavenge various free radicals in different assays and exhibit the highest antioxidant activity in vitro. Then, SAV-5 was selected for evaluation of the potential protective effects in LO2 cells.
SAV-5 protected LO2 cells against H 2 O 2 -induced cytotoxicity
In order to eliminate the interference of acetic acid, 20 mM HEPES buffer was used to buffer the medium. 33 The effects of SAV-5 on cell viability in human liver cells were investigated by CCK-8 assay. LO2 cells were treated with increasing concentrations of SAV-5 for 24 h. As shown in Fig. 1A , cell viability was not signicantly changed when LO2 cells were treated with 2.5-10 mL mL À1 vinegar. These results suggest that vinegar has no cytotoxic effect on human normal liver cells at the selected concentrations. A reliable in vitro cellular model for the study of oxidative damage has been proved invaluable experimental tools in basic research.
34 H 2 O 2 is a major component of ROS, which is used extensively as an inducer in oxidative stress models. 35 In this study, we used H 2 O 2 to establish an oxidative injury cell model. LO2 cells were exposed to H 2 O 2 at different concentrations (0-400 mM) for 6 h. As shown in Fig. 1B, survival , the protective effect of SAV-5 was similar to that of 10 mg mL À1 vitamin C. 10 mL mL À1 SAV-5 showed the best protective effect comparable to other concentrations of vinegar. These results indicate that SAV-5 can ameliorate H 2 O 2 -induced cytotoxicity and exhibit hepatoprotective activity in LO2 cells.
SAV-5 inhibited H 2 O 2 -induced ROS generation and lipid peroxidation in LO2 cells
ROS are by products of aerobic metabolism, which is oen associated with the principle of oxidative stress. 38 Oxidative stress is the net result of an imbalance between production and destruction of ROS, which is involved in over 100 diseases, as their cause or consequence. 39, 40 To evaluate the levels of intracellular ROS in H 2 O 2 -treated LO2 cells, a DCFH-DA uorescent probe was used. The results showed that the DCF uorescence intensity in H 2 O 2 -treated group was signicantly increased to 189.80 AE 15.34% compared with that in the control group. However, the uorescence intensity was notably reduced to 146.32 AE 14.98% and 121.41 AE 13.16%, respectively, in LO2 cells pretreated with 5 mL mL À1 and 10 mL mL À1 vinegar. Pretreatment with 10 mL mL À1 SAV-5 showed the highest scavenging activity of intracellular ROS ( Fig. 2A and B) . Exogenous H 2 O 2 treatment results in accumulation of intracellular ROS, which play an important role in cell death, differentiation, contraction and cell proliferation. 41 These results imply that pretreatment with SAV-5 can inhibit H 2 O 2 -induced ROS generation and protect the cells from intracellular ROS damage.
MDA, a degradation product of membrane lipid peroxidation, is one of the primary events in oxidative damage. MDA level is commonly known as a marker of oxidative stress. 42 As shown in Fig. 2C , accompany with ROS generation, MDA level in H 2 O 2 -treated group was also signicantly increased compared with that in the control group. However, pretreatment with 5 mL mL À1 and 10 mL mL À1 vinegar markedly suppressed the overproduction of MDA level in H 2 O 2 -treated LO2 cells.
Pretreatment with 10 mL mL À1 SAV-5 showed the strongest inhibitory effect with MDA level decreasing to 6.872 AE In mammalian cells mitochondria are the major source of ROS. 44 Mitochondrial membrane potential (DJ m ) is fundamental to the maintenance of mitochondrial physiological function. 45 Excessive ROS accumulation can induce mitochondrial damage and lead to a collapse of DJ m . 46 In this study, we used the sensitive uorescent probe JC-1 to examine the DJ m by uorescent microscopy. As shown in Fig. 3A , exposure of hepatocytes to 200 mM H 2 O 2 increased the amount of green uorescence, signied by the shi in the uorescence spectrum of JC-1 from an aggregated form with orange-red uorescence to a monomeric form with green uorescence. In contrast, pretreatment with vinegar decreased the green uorescence signals compared to H 2 O 2 treatment alone. The red/green uorescence intensity ratio indicates DJ m levels. DJ m depolarization is indicated by a decrease in the red/green uores-cence intensity ratio. 47 As shown in Fig. 3B Nevertheless, excessive ROS can be eliminated by hepatocyte antioxidant defense which induced by both enzymatic and nonenzymatic mechanisms. 49, 50 In order to evaluate the effects of SAV-5 on antioxidant defense systems, SOD, CAT activities and GSH level were detected in H 2 O 2 -treated LO2 cells. SOD and CAT are two important antioxidant enzymes for preventing oxidative damage. 51 GSH is a major tissue antioxidant, which is maintained in the reduced form by glutathione reductase and provides reducing equivalents for the glutathione peroxidase (GPx) catalyzed reduction. 52 The results showed that SOD, CAT activities and GSH level in H 2 O 2 -treated group were markedly decreased compared with that in control group. However, pretreatment with SAV-5 increased the activities of SOD and CAT, although the effect of 2.5 mL mL À1 vinegar was not statistically signicant ( Fig. 4A and B) . Consistent with antioxidant enzymes activities, GSH level was also signicantly increased in H 2 O 2 -treated LO2 cells pretreated with SAV-5 ( Fig. 4C) . Collectively, pretreatment with vinegar effectively restored SOD, CAT activities and GSH level in H 2 O 2 -treated LO2 cells. These data suggest that SAV-5 enhances the antioxidant status that can prevent oxidative damage in H 2 O 2 -treated LO2 cells.
SAV-5 up-regulated Nrf2-mediated antioxidant gene expression
To further clarify underlying antioxidant mechanisms of vinegar, the expression levels of Nrf2 and phase II detoxifying enzyme were analyzed by western blotting. Nrf2 is the key transcription factor regulating an adaptive response to oxidative stress. When challenged by oxidative stress, Nrf2 can quickly translocate into the nucleus and elicit the antioxidant response. 53, 54 In the present study, the results showed that the expression level of Nrf2 was increased when LO2 cells were pretreated with vinegar (Fig. 5A) . Then, the free Nrf2 is combined with an antioxidant response element (ARE) and activates important antioxidant proteins and phase II detoxifying enzymes, such as HO-1 and NQO1.
55 HO-1 is an inducible cytoprotective enzyme that can catalyze the rate-limiting step to degrade free heme into bilirubin, which could serve as an endogenous antioxidant. 56 NQO1 is a cytosolic avoprotein that catalyzes the two electron reduction of quinoid compounds using NADH and/or NADPH as electron donors.
57 HO-1 and NQO1 genes are crucial mediators in maintaining antioxidant homeostasis during cellular stress. 58 As shown in Fig. 5B , aer treatment with H 2 O 2 , the expression levels of HO-1 and NQO1 were decreased compared to the control group. However, pretreatment with SAV-5 prior to H 2 O 2 exposure signicantly increased the expression levels of these proteins. Collectively, the results demonstrated that SAV-5 up-regulated the expression of antioxidants and phase II detoxifying enzymes such as HO-1 and NQO1, which were regulated by Nrf2 signaling pathway. These nding suggest that the hepatoprotective effects of SAV against H 2 O 2 -induced oxidative damage in LO2 cells are mainly mediated by the activation of Nrf2 pathway.
Conclusions
In the present study, the antioxidant activities and hepatoprotective mechanisms of vinegar were assessed. SAV-5 was rich in phenolic and avonoid compounds, and had the highest antioxidant activities among all the samples. Meanwhile, SAV-5 attenuated H 2 O 2 -induced cytotoxicity in human LO2 cells and exhibited protective effects by inhibiting intracellular ROS generation, restoring the loss of DJ m , and enhancing antioxidant defense systems under H 2 O 2 -induced oxidative damage. In addition, SAV-5 up-regulated the expression levels of Nrf2 and downstream genes (NQO1 and HO-1) in H 2 O 2 -treated LO2 cells. Collectively, the results suggest that SAV can protect human liver cells against H 2 O 2 -induced oxidative damage via antioxidant activity and Nrf2-mediated antioxidant responses.
